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reduced in the presence of old DVT. However, none of
these studies was performed with venography in patients
with varicose veins. Establishing the normal values of leg
volume changes and the venous volume (VV) was essential
as a baseline to make a comparative evaluation of outflow
measurements obtained in patients with past DVT.15,16
The aim of our study was to determine the value of APG
in the detection of residual chronic outflow obstruction in
patients with symptoms of chronic venous insufficiency.
PATIENTS AND METHODS
In this retrospective analysis of prospectively acquired
data, patients who were referred to the vascular laboratory
to exclude chronic venous obstruction, either because of a
probable history of DVT or extra-anatomical varicose veins
suggestive of being collaterals, provided 224 legs. By extra-
anatomical varicose veins, we mean veins that run antero-
laterally or posteromedially on the thigh and not along the
course of the long or short saphenous vein on the calf. All
patients were examined with venography as the gold stan-
dard investigation at the request of their surgeons (either at
the acute DVT or at the course of investigation of their
chronic venous insufficiency), and all patients gave their
informed consent to be studied by means of APG in addi-
tion to venography. Each of these examinations was per-
formed and reported without the knowledge of the result
of the other examination. In addition, another group of 41
patients (41 lower limbs) without varicose veins and with-
out any evidence of acute or old DVT on venography was
examined with APG. In this group, venography was per-
formed because clinical symptoms and signs suggested
acute DVT, but the results of venography were negative for
DVT.15,16 This group was called normal/nonacute DVT.
There were 243 patients, 61 men and 182 women, with a
It is an advantage to know the status of the deep veins
in patients with varicose veins who may be candidates for
venous stripping.1 The CEAP classification and grading of
chronic venous disease in the lower limbs is gaining wide
acceptance, because it allows an accurate description and
can provide uniform reporting.2 However, to be fully
implemented, it requires knowledge of the status of the
deep veins.2-4
In the past, segmental plethysmography in the form of
impedance plethysmography (IPG) and strain gauge
plethysmography (SPG) have been used in the noninvasive
detection of acute proximal deep venous thrombosis
(DVT).5-8 However, 60% of IPG test results that were
positive for DVT were found to normalize at 12 weeks,9
and 95% were found to normalize within 1 year.10 Thus,
these techniques were not suitable means of identifying
limbs with chronic venous obstruction.
Air plethysmography (APG) is a practical, noninvasive,
and relatively inexpensive technique of measuring volume
changes in the lower leg (excluding the foot) accurately.11-14
Most authors have used the outflow fraction in the first
second without (OF) or with occlusion of the superficial
veins at the knee (OFs)11-14 to detect outflow obstruction.
Their results suggest that OF and particularly OFs are
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Purpose: In this study we assessed the accuracy of air plethysmography (APG) as a means of detecting earlier deep venous
thrombosis (DVT), in comparison with venography, to develop a preoperative test for patients with varicose veins.
Methods: In this retrospective analysis of prospectively acquired data, 202 patients referred with the clinical suspicion
of chronic venous obstruction (224 lower limbs) and 41 patients (41 lower limbs) who had symptoms and signs sug-
gestive of DVT, but had deep veins that appeared normal on venography, were studied with both venography and APG.
Results: The results of venography were negative for past DVT in 169 legs and confirmed past DVT in 96 limbs. The
DVTs were confined to the calf in 19 limbs and were found at popliteal level, more proximal, or both in 77 limbs. A
total of 95% of the limbs that had earlier proximal DVT (73 of 77) were identified by means of an APG outflow frac-
tion with occlusion of the superficial veins in the first second (OFs) of less than 28%. This is analogous to the Q wave
of the electrocardiogram, which is a means of denoting the presence of myocardial infarction. The specificity rate of the
method in the detection of past proximal DVT was 96%, the positive predictive value was 92%, and the negative pre-
dictive value was 98%.
Conclusion: APG is a practical, inexpensive, easy-to-perform, accurate, noninvasive method for the diagnosis of hemo-
dynamically significant (ie, proximal or extensive calf DVT) chronic venous obstruction that could replace venography.
(J Vasc Surg 2001;33:715-20.)
mean age of 54 years (range, 19-90 years). Twenty-two
patients were studied bilaterally.
Venography. The method of venography performed
was the St Mary’s modification of Lea Thomas, which has
been described.17 The venographic criteria used for the
diagnosis of past DVT were those established by Lea
Thomas and McAllister.18 Depending on the time of the
onset of the DVT, the venographic appearance was cate-
gorized: (1) a thrombus that has been present for more
than 7 days becomes adherent and obliterates the white
line of contrast material between the thrombus and the
vein wall and the process may extend to completely
occlude the vein; (2) an occluded vein may either remain
occluded and bypassed by collaterals or the thrombus may
retract toward the side wall of the vein, giving a more
clearly defined outline and resulting in a narrowed lumen;
(3) the process of adherence and retraction may lead to
recanalization, with the vein appearing irregular and nar-
rowed with the absence of normal valves.
Air plethysmography. The air plethysmograph APG
(APG-1000, ACI Medical, San Marcos, Calif) consisted of
an air chamber (5-L capacity) that was applied around the
calf and was connected to a pressure transducer, an ampli-
fier, and a pen recorder (more recently updated to a com-
puterized system). A 100-mL syringe was incorporated in
the circuit and was used for calibration to milliliters of limb
volume change.11,14,15 The patient was in the supine posi-
tion, with the leg first elevated (45°) to empty the veins,
and then with the heel resting on a 30-cm support. The air
chamber was inflated to a pressure of 6 mm Hg, which is
the lowest pressure required to keep it on the leg without
compressing the veins. After calibration, a 14-cm thigh
tourniquet, placed close to the groin, was inflated to 80
mm Hg. The VV increased until it reached a plateau, then
the thigh tourniquet was deflated rapidly. The observed
rapid decrease in volume is a result of venous outflow.
The ratio of the amount of blood that leaves the leg in
the first second (V1) over the total venous volume (VV)
multiplied by 100 provides the outflow fraction (OF),
which is expressed as a percentage.11,19 The procedure was
repeated with the long saphenous and/or other promi-
nent superficial veins occluded by digital external com-
pression at the level of the knee to obtain the outflow
fraction with superficial occlusion (OFs). This was done
before the rapid deflation of the thigh tourniquet. For the
superficial occlusion, we did not use a tourniquet, because
this might also compress the popliteal vein, as suggested
by Neglen.20 In a patient with large thighs, one might
need to use both hands to occlude all the superficial veins.
Another technical point that merits attention and is
anecdotal is that at the time of occluding the superficial
vein, the VV increases by approximately 10 mL. This rep-
resents blood displaced distally by digital compression in
the superficial veins. Therefore when calculating the OFs,
one should divide the V1 by the initial venous volume and
not by the artificially increased venous volume. In our early
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Fig 1. Values of venous volume by group. N, Number of limbs; CVI/non DVT, patients with chronic venous insufficiency who had neg-
ative results on venograms; normal/non acute DVT, patients referred to the laboratory to exclude acute DVT; CVI/non DVT and nor-
mal/non acute DVT, non DVT group; x, mean; sd, standard deviation.
experience with APG, we calculated the OFs by dividing
the V1 by the artificially increased (because of the digital
external compression) VV, and we found low OFs values
that suggested past DVT. We then asked for a venogram to
be performed on these patients, and the results were nega-
tive for past DVT. This puzzled us until we observed that
by re-calculating the OFs and dividing the V1 by the initial
VV (and not by the artificially increased VV), we got con-
sistent results for APG and venography.
Statistical considerations. The SPSS statistical pack-
age (Chicago, Ill) was used as a means of analyzing the
data. Not all the variables were normally distributed; there-
fore we used nonparametric tests for comparison among
the groups.21-23 Because both venography and APG were
performed on the same subjects as a means of detecting the
patients with past proximal DVT, we used the McNemar
χ2 test for paired samples to compare these two methods.24
RESULTS
Of the patients who were examined for chronic venous
insufficiency (CVI) (224 lower limbs), past DVT was con-
firmed in 96 patients by means of venography. This was
confined to the calf in 19 limbs, and it was popliteal, more
proximal, or both in 77 limbs. Healthy deep veins were
demonstrated by means of venography in 128 limbs. These
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limbs, with the 41 limbs that had venography to exclude
acute DVT but had normal venogram results, provided us
with a total of 169 limbs.
Three variables were measured for each patient: (1)
the outflow fraction values without (OF) and with super-
ficial occlusion (OFs) in the first second; (2) the venous
volumes (VV) for each group (non-DVT, past calf DVT,
and past proximal DVT); and (3) the descriptive statistics
for the three variables (minimum, median, maximum,
mean, and SD) for the two non-DVT groups (n = 169),
the patients with past calf DVT (n = 19), and the patients
with past proximal DVT (n = 77).
Fig 1 shows a box-plot of the values of the VV in mil-
liliters (median and interquartile range) and the mean and
SD in subjects without DVT and patients with past calf
DVT and past proximal DVT.
Fig 2 shows a box-plot of the outflow fraction values
(median and interquartile range) without (OF) and with
superficial occlusion (OFs) in the first second, with mean
and SD, in subjects without DVT and patients with past
calf DVT and past proximal DVT.
Because there was no significant difference (P < .001)
between the CVI/non-DVT and the normal/nonacute
DVT groups in all three variables (VV, OF, OFs), we
grouped them together, and named the group the non-
Fig 2. Outflow fraction without (OF) and with superficial occlusion (OFs) at the first second. N, Number of limbs; CVI/non DVT,
patients with chronic venous insufficiency who had negative results on venograms; normal/non acute DVT, patients referred to the lab-
oratory to exclude acute DVT; CVI/non DVT and normal/non acute DVT, non-DVT group; x, mean; sd, standard deviation.
DVT group. When the three groups of patients (non-
DVT, past calf DVT, past proximal DVT) were compared
with the Kruskall-Wallis test, the results were significant
for all three variables (P < .001; Figs 1 and 2). When we
compared the VV of the non-DVT subjects with that of
patients with calf DVT and patients with proximal DVT by
using the Mann-Whitney U test, the results were still sig-
nificant (P < .001). However, there was no significant dif-
ference in the VV between the patients with calf DVT and
patients with proximal DVT. The median values of the
outflow fraction were found to be significantly different in
all three groups, when compared with each other by
means of the Mann-Whitney U test, both without (OF)
and with superficial occlusion (OFs; P < .001).
There was no difference shown by means of the
McNemar χ2 test comparing venography with APG
between the two methods (χ2 = 0.1; P > .6) for the detec-
tion of past proximal DVT (Table). Overall, four limbs
with past proximal DVT were missed by means of APG, all
of which were partially occluding the superficial femoral
vein lumen, and only seven of the 19 calf thrombi were
detected. The sensitivity rate of the method in the detec-
tion of past proximal DVT was 95%, the specificity rate
was 96%, the positive predictive value was 92%, and the
negative predictive value was 98%.
DISCUSSION
Duplex scanning is a highly reliable method of detect-
ing proximal thrombosis in patients in whom it is clinically
suspected.17,25-28 However, the detection of the late
sequelae of thrombosis may be more difficult,29-31 espe-
cially because 30% to 50% of duplex scans will normalize
within 1 year.32-34
The natural history of DVT is unknown. Whether the
veins will recanalize partially or completely and whether
the valves will be competent or have reflux is unpre-
dictable.18 The outflow fraction reflects the functional
capacity of the venous system to drain the blood collected
in the lower limb during the period of venous occlusion.
The outflow measurements are analogous to the Q wave
of the electrocardiogram, which denotes the presence of a
myocardial infarction. Once an episode of an hemody-
namically significant (ie, not isolated calf) DVT has taken
place, the OF and OFs values became lower than normal
and remained that way. The VV is a measure of the venous
capacity of the limb, and its value reflects the space avail-
able for blood to accumulate. Normally, this lies between
70 to 200 mL. At the time of an acute proximal DVT, the
VV is less than 50 mL.15 After the acute phase of a proxi-
mal obstruction, as collateral circulation develops, the VV
gradually increases and can reach values much higher than
200 mL. It is those collaterals that otherwise confound
outflow tests. The confounding effect of collaterals is sub-
stantially removed with digital compression right before
the outflow test.
Because the VV, OF, and OFs values of the 169
patients who had non-DVT venogram results were similar,
they were grouped together for subsequent analysis. They
indicate that the range of these values is the same, irre-
spective of presentation, when the venogram results are
normal. Ideally, we should have studied patients with nor-
mal venogram results who were also asymptomatic.
However, it would be unethical to perform venography on
a healthy person. Because the outflow fraction values of
healthy subjects (n = 41) and those of patients with
chronic venous insufficiency but no evidence of past DVT
on venography (n = 128) are not significantly different, we
felt justified in using the aforementioned non-DVT
patients as our control group.
There was no difference in the VV in the patients with
past calf DVT and patients with past proximal DVT (Fig
1). All three values (OF, OFs, VV) of patients with calf
DVT had an intermediate position between those of non-
DVT subjects and those of patients with proximal DVT.
Also, the sample size for the patients with calf DVT was
small. Therefore, the reliability of APG as a means of diag-
nosing past calf DVT needs further investigation.
Volume changes measured with segmental plethysmo-
graphic techniques, such as SPG, do not necessarily repre-
sent changes in the whole leg.35 The use of APG with an
air chamber that includes the lower leg (excluding foot)
has the advantage of providing information that is more
representative and reproducible.11
APG has only recently been applied for the diagnosis
of acute DVT.15,36 Our results show that APG has a place
in chronic cases, also. Christopoulos et al37 demonstrated
that in limbs with normal deep veins, the outflow fraction
OF is higher than 38%. Hemodynamically significant
(proximal or extensive calf) acute DVT15 or limbs with a
history of DVT confirmed by means of venography have
an OF ranging from 15% to 34%, which is reduced further
after digital occlusion of the superficial veins (OFs). Our
results confirm this. The possible explanation for this may
be provided by the finding of irregularity of the venous
wall shown by means of venography in such patients. The
wall may become rigid, and at high pressure it may fail to
stretch as much as the normal wall. This failure to dilate
JOURNAL OF VASCULAR SURGERY
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Air plethysmography versus venography
APG OF/SO1 < 28%
Venography DVT No DVT Total
DVT 73 (95%) 4* 77
No DVT 6† 163 (96%) 169
Total 79 167 246
McNemar χ2 test = 0.1; P > .6.
Sensitivity rate = 95%.
Specificity rate = 96%.
Positive predictive value = 92% (73/79).
Negative predictive value = 98% (163/167).
Overall accuracy rate = 95%.
*Four patients had OF/SO1 ≥ 28% (28%, 30%, 31%, 38%). Their respec-
tive venous volumes were 68, 81, 320, and 300 mL. No patient with
chronic venous obstruction had a venous volume less than 50 mL.
†Six non-DVT patients had an OF/SO1 between 25% and 27%.
DVT, Deep venous thrombosis; APG, air plethysmography; OF/SO1, out-
flow fraction with occlusion of the superficial veins in the first second.
increases the outflow resistance of the veins. The effect of
occluding the superficial veins is a means of detecting the
contribution of these veins as collaterals. This maneuver
not only assists in the diagnosis of obstruction in acute or
past DVT, but also helps the surgeon decide whether to
ligate these veins.
The primary difference in the APG test is that it allows
for digital compression of the superficial veins, as com-
pared with IPG, in which the clinician’s fingers on the leg
will alter the impedance measurement. To our knowledge,
digital compression has not been used with either IPG or
SPG. Because better sensitivity and specificity rates are
obtained by using finger compression of superficial veins
with APG, the APG method is superior. There is clearly a
difference between the measurement systems in that SPG
uses a segmental sensor that detects circumferential
changes at only 1 limb location, whereas the APG sensing
cuff measures volume changes in milliliters of the lower
leg (excluding the foot).
The key improvement to the outflow concept is the
additional step of digitally compressing the superficial
veins in the APG method, which improves sensitivity and
specificity rates. Additionally, modifying the measurement
of VV by not including the artifactual volume (because of
digital occlusion) increases the accuracy of the technique.
Outflow phenomena are typically characterized as an
exponential washout equation. The manual calculation of
time constants associated with an exponential is cumber-
some, so 1 second outflow percentages have been used his-
torically.11,19 The SPG sensor measures percent change in
the limb segment circumference, which is used as a means
of calculating volume based on an assumed model. The
IPG measures changes in the electrical impedance of the
limb, which is assumed to represent changes in blood vol-
ume, also based on a model. The APG more directly mea-
sures limb volume changes because it is calibrated with the
introduction of 100 mL of air with a large syringe. This
likely accounts for its increased measurement accuracy.
The outflow measurements correlate well with inva-
sive quantification of the severity of venous obstruction,
obtained by measuring the arm/foot pressure differen-
tial with cannulation of a vein in the arm and foot in a
supine position.11,38
In conclusion, APG (OFs < 28%) is a reliable,
portable, inexpensive, easy-to-perform, and accurate non-
invasive method for the diagnosis of hemodynamically sig-
nificant (ie, proximal or extensive calf DVT) chronic
venous obstruction, even when the deep veins have
recanalized. If the results are substantiated by further
prospective studies, the outflow fraction of APG may
become a routine test for preoperative screening of
patients who have varicose veins and a history or clinical
signs suggestive of past DVT.
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